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Description

[0001] Fifth generation mobile network (5G) is a wire-
less standard that aims to improve upon data transmis-
sion speed, reliability, availability, and more. This stand-
ard, while still developing, includes numerous details re-
lating to cell selection/reselection, where, for instance, a
user equipment (UE) can communicate with a network
to send and receive data. The UE can operate in a dis-
continuous reception (DRX) mode to reduce its power
consumption, whereby the UE can deactivate some of
its transmission and/or reception components for a cer-
tain period of time during, which no data communication
occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]

FIG. 1 illustrates an example of a network environ-
ment, in accordance with some embodiments.

FIG. 2 illustrates an example of synchronization sig-
nal block (SSB) beams and related SSBs, in accord-
ance with some embodiments.

FIG. 3 illustrates an example of paging occasion
monitoring and related PDSCH decoding based on
SSB measurements, in accordance with some em-
bodiments.

FIG. 4 illustrates an example of an SSB beam se-
lection for paging occasion monitoring and related
PDSCH decoding, in accordance with some embod-
iments.

FIG. 5 illustrates an example of scheduling SSB
measurements, in accordance with some embodi-
ments.

FIG. 6 illustrates another example of scheduling SSB
measurements, in accordance with some embodi-
ments.

FIG. 7 illustrates an example of an operational
flow/algorithmic structure for scheduling SSB meas-
urements, in accordance with some embodiments.

FIG. 8 illustrates another example of an operational
flow/algorithmic structure for scheduling SSB meas-
urements, in accordance with some embodiments.

FIG. 9 illustrates yet another example of an opera-
tional flow/algorithmic structure for scheduling SSB
measurements, in accordance with some embodi-
ments.

FIG. 10 illustrates an overall example of an opera-

tional flow/algorithmic structure for scheduling SSB
measurements, in accordance with some embodi-
ments.

FIG. 11 illustrates an example of receive compo-
nents, in accordance with some embodiments.

FIG. 12 illustrates an example of a UE, in accordance
with some embodiments.

FIG. 13 illustrates an example of a base station, in
accordance with some embodiments.

DETAILED DESCRIPTION

[0003] The following detailed description refers to the
accompanying drawings. The same reference numbers
may be used in different drawings to identify the same
or similar elements. In the following description, for pur-
poses of explanation and not limitation, specific details
are set forth, such as particular structures, architectures,
interfaces, techniques, etc. in order to provide a thorough
understanding of the various aspects of various embod-
iments. However, it will be apparent to those skilled in
the art having the benefit of the present disclosure that
the various aspects of the various embodiments may be
practiced in other examples that depart from these spe-
cific details. In certain instances, descriptions of well-
known devices, circuits, and methods are omitted so as
not to obscure the description of the various embodi-
ments with unnecessary detail. For the purposes of the
present document, the phrase "A or B" means (A), (B),
or (A and B).
[0004] Generally, a user equipment (UE) can commu-
nicate with a network, such as with one or more base
stations or other network nodes. To improve the UE’s
power consumption, the UE can be configured for using
discontinuous reception (DRX). During a DRX cycle, the
UE can operate in an idle mode and may wake up peri-
odically to receive reference signals, such as synchroni-
zation signal (SS)/PBCH blocks (SSBs). SSBs can be
sent on multiple SSB beams and can be used for, for
example, beam selection and/or cell re-selection.
[0005] Rather than having to perform measurements
on all received SSBs, the UE can determine whether an
SSB measurement on a currently-selected SSB beam is
sufficient to indicate a strong-selected beam. If so, an
SSB measurement on that SSB beam is scheduled. Oth-
erwise, SSB search and measurement can be scheduled
across the different SSB beams. In an example, the SSB
measurement can be any or a combination of a signal-
to-interference and noise ratio (SINR) measurement, a
reference signal received power (RSRP) measurement,
or a reference signal received quality (RSRQ). In this
example, the SSB measurement can be compared to a
measurement threshold (e.g., any or a combination of a
predefined SINR value, a predefined RSRP value, or a
predefined RSRQ value). If the SSB measurement ex-
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ceeds the measurement threshold, the UE can determine
if the currently selected SSB beam is strong enough,
thereby avoiding the scheduling of an SSB search and
measurement per SSB beam. Doing so can further re-
duce the power consumption of the UE because, during
the DRX cycle, the UE may remain sleeping for a rela-
tively longer time.
[0006] The following is a glossary of terms that may be
used in this disclosure.
[0007] The term "circuitry" as used herein refers to, is
part of, or includes hardware components, such as an
electronic circuit, a logic circuit, a processor (shared, ded-
icated, or group) or memory (shared, dedicated, or
group), an Application Specific Integrated Circuit (ASIC),
a field-programmable device (FPD) (e.g., a field-pro-
grammable gate array (FPGA), a programmable logic
device (PLD), a complex PLD (CPLD), a high-capacity
PLD (HCPLD), a structured ASIC, or a programmable
system-on-a-chip (SoC)), or digital signal processors
(DSPs) that are configured to provide the described func-
tionality. In some embodiments, the circuitry may execute
one or more software or firmware programs to provide
at least some of the described functionality. The term
"circuitry" may also refer to a combination of one or more
hardware elements (or a combination of circuits used in
an electrical or electronic system) with the program code
used to carry out the functionality of that program code.
In these embodiments, the combination of hardware el-
ements and program code may be referred to as a par-
ticular type of circuitry.
[0008] The term "processor circuitry" as used herein
refers to, is part of, or includes circuitry capable of se-
quentially and automatically carrying out a sequence of
arithmetic or logical operations, or recording, storing, or
transferring digital data. The term "processor circuitry"
may refer to an application processor, baseband proc-
essor, a central processing unit (CPU), a graphics
processing unit, a single-core processor, a dual-core
processor, a triple-core processor, a quad-core proces-
sor, or any other device capable of executing or otherwise
operating computer-executable instructions, such as
program code, software modules, or functional process-
es.
[0009] The term "interface circuitry" as used herein re-
fers to, is part of, or includes circuitry that enables the
exchange of information between two or more compo-
nents or devices. The term "interface circuitry" may refer
to one or more hardware interfaces, for example, buses,
I/O interfaces, peripheral component interfaces, network
interface cards, or the like.
[0010] The term "user equipment" or "UE" as used
herein refers to a device with radio communication ca-
pabilities and may describe a remote user of network
resources in a communications network. The term "user
equipment" or "UE" may be considered synonymous to
and may be referred to as client, mobile, mobile device,
mobile terminal, user terminal, mobile unit, mobile sta-
tion, mobile user, subscriber, user, remote station, ac-

cess agent, user agent, receiver, radio equipment, recon-
figurable radio equipment, reconfigurable mobile device,
etc. Furthermore, the term "user equipment" or "UE" may
include any type of wireless/wired device or any comput-
ing device including a wireless communications inter-
face.
[0011] The term "base station" as used herein refers
to a device with radio communication capabilities that is
a network node of a communications network (or, more
briefly, network) and that may be configured as an access
node in the communications network. A UE’s access to
the communications network may be managed at least
in part by the base station, whereby the UE connects with
the base station to access the communications network.
Depending on the radio access technology (RAT), the
base station can be referred to as a gNodeB (gNB), eN-
odeB (eNB), access point, etc.
[0012] The term "computer system" as used herein re-
fers to any type of interconnected electronic devices,
computer devices, or components thereof. Additionally,
the term "computer system" or "system" may refer to var-
ious components of a computer that are communicatively
coupled with one another. Furthermore, the term "com-
puter system" or "system" may refer to multiple computer
devices or multiple computing systems that are commu-
nicatively coupled with one another and configured to
share computing or networking resources.
[0013] The term "resource" as used herein refers to a
physical or virtual device, a physical or virtual component
within a computing environment, or a physical or virtual
component within a particular device, such as computer
devices, mechanical devices, memory space, proces-
sor/CPU time, processor/CPU usage, processor and ac-
celerator loads, hardware time or usage, electrical power,
input/output operations, ports or network sockets, chan-
nel/link allocation, throughput, memory usage, storage,
network, database and applications, workload units, or
the like. A "hardware resource" may refer to compute,
storage, or network resources provided by physical hard-
ware element(s). A "virtualized resource" may refer to
compute, storage, or network resources provided by vir-
tualization infrastructure to an application, device, sys-
tem, etc. The term "network resource" or "communication
resource" may refer to resources that are accessible by
computer devices/systems via a communications net-
work. The term "system resources" may refer to any kind
of shared entities to provide services and may include
computing or network resources. System resources may
be considered as a set of coherent functions, network
data objects, or services accessible through a server
where such system resources reside on a single host or
multiple hosts and are clearly identifiable.
[0014] The term "channel" as used herein refers to any
transmission medium, either tangible or intangible, which
is used to communicate data or a data stream. The term
"channel" may be synonymous with or equivalent to
"communications channel," "data communications chan-
nel," "transmission channel," "data transmission chan-
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nel," "access channel," "data access channel," "link," "da-
ta link," "carrier," "radio-frequency carrier," or any other
like term denoting a pathway or medium through which
data is communicated. Additionally, the term "link" as
used herein refers to a connection between two devices
for the purpose of transmitting and receiving information.
[0015] The terms "instantiate," "instantiation," and the
like, as used herein, refer to the creation of an instance.
An "instance" also refers to a concrete occurrence of an
object, which may occur, for example, during execution
of program code.
[0016] The term "connected" may mean that two or
more elements at a common communication protocol lay-
er have an established signaling relationship with one
another over a communication channel, link, interface,
or reference point.
[0017] The term "network element" as used herein re-
fers to physical or virtualized equipment or infrastructure
used to provide wired or wireless communication network
services. The term "network element" may be considered
synonymous to or referred to as a networked computer,
networking hardware, network equipment, network node,
virtualized network function, or the like.
[0018] The term "information element" refers to a struc-
tural element containing one or more fields. The term
"field" refers to individual contents of an information ele-
ment or a data element that contains content. An infor-
mation element may include one or more additional in-
formation elements.
[0019] FIG. 1 illustrates a network environment 100, in
accordance with some embodiments. The network envi-
ronment 100 may include a UE 104 and a gNB 108. The
gNB 108 may be a base station that provides a wireless
access cell, for example, a Third Generation Partnership
Project (3GPP) New Radio (NR) cell, through which the
UE 104 may communicate with the gNB 108. The UE
104 and the gNB 108 may communicate over an air in-
terface compatible with 3GPP technical specifications,
such as those that define Fifth Generation (5G) NR sys-
tem standards.
[0020] The gNB 108 may transmit information (for ex-
ample, data and control signaling) in the downlink direc-
tion by mapping logical channels on the transport chan-
nels and transport channels onto physical channels. The
logical channels may transfer data between a radio link
control (RLC) and MAC layers; the transport channels
may transfer data between the MAC and PHY layers;
and the physical channels may transfer information
across the air interface. The physical channels may in-
clude a physical broadcast channel (PBCH), a physical
downlink control channel (PDCCH), and a physical down-
link shared channel (PDSCH).
[0021] The PBCH may be used to broadcast system
information that the UE 104 may use for initial access to
a serving cell. The PBCH may be transmitted along with
physical synchronization signals (PSS) and secondary
synchronization signals (SSS) in an SSB. The SSBs may
be used by the UE 104 during a cell search procedure

(including cell selection and reselection) and for beam
selection.
[0022] The PDSCH may be used to transfer end-user
application data, signaling radio bearer (SRB) messag-
es, system information messages (other than, for exam-
ple, MIB), and SIs.
[0023] The PDCCH may transfer DCI that is used by
a scheduler of the gNB 108 to allocate both uplink and
downlink resources. The DCI may also be used to provide
uplink power control commands, configure a slot format,
or indicate that preemption has occurred.
[0024] The gNB 108 may also transmit various refer-
ence signals to the UE 104. The reference signals may
include demodulation reference signals (DMRSs) for the
PBCH, PDCCH, and PDSCH. The UE 104 may compare
a received version of the DMRS with a known DMRS
sequence that was transmitted to estimate an impact of
the propagation channel. The UE 104 may then apply an
inverse of the propagation channel during a demodula-
tion process of a corresponding physical channel trans-
mission.
[0025] The reference signals may also include channel
status information reference signals (CSI-RS). The CSI-
RS may be a multi-purpose downlink transmission that
may be used for CSI reporting, beam management, con-
nected mode mobility, radio link failure detection, beam
failure detection and recovery, and fine-tuning of time
and frequency synchronization.
[0026] The reference signals and information from the
physical channels may be mapped to resources of a re-
source grid. There is one resource grid for a given an-
tenna port, subcarrier spacing configuration, and trans-
mission direction (for example, downlink or uplink). The
basic unit of an NR downlink resource grid may be a
resource element, which may be defined by one subcar-
rier in the frequency domain and one orthogonal frequen-
cy division multiplexing (OFDM) symbol in the time do-
main. Twelve consecutive subcarriers in the frequency
domain may compose a physical resource block (PRB).
A resource element group (REG) may include one PRB
in the frequency domain, and one OFDM symbol in the
time domain, for example, twelve resource elements. A
control channel element (CCE) may represent a group
of resources used to transmit PDCCH. One CCE may be
mapped to a number of REGs (for example, six REGs).
[0027] The UE 104 may transmit data and control in-
formation to the gNB 108 using physical uplink channels.
Different types of physical uplink channels are possible
including, for instance, a physical uplink control channel
(PUCCH) and a physical uplink shared channel
(PUSCH). Whereas the PUCCH carries control informa-
tion from the UE 104 to the gNB 108, such as uplink
control information (UCI), the PUSCH carries data traffic
(e.g., end-user application data), and can carry UCI.
[0028] The UE 104 and the gNB 108 may perform
beam management operations to identify and maintain
desired beams for transmission in the uplink and down-
link directions. The beam management may be applied
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to both PDSCH and PDCCH in the downlink direction,
and PUSCH and PUCCH in the uplink direction.
[0029] In an example, communications with the gNB
108 and/or the base station can use channels in the fre-
quency range 1 (FR1), frequency range 2 (FR2), and/or
a higher frequency range (FRH). The FR1 band includes
a licensed band and an unlicensed band. The NR unli-
censed band (NR-U) includes a frequency spectrum that
is shared with other types of radio access technologies
(RATs) (e.g., LTE-LAA, WiFi, etc.). A listen-before-talk
(LBT) procedure can be used to avoid or minimize colli-
sion between the different RATs in the NR-U, whereby
a device should apply a clear channel assessment (CCA)
check before using the channel.
[0030] To improve the UE’s 104 power consumption,
the UE 104 can operate in an idle mode. In support of
the idle mode, the UE 104 may perform multiple mech-
anisms. One mechanism relates to SI acquisition. In par-
ticular, the UE 104 stays, during the idle mode, in a sleep
mode (e.g., a sleep state or de-active state) of a DRX
cycle and periodically wakes up (e.g., a wake state or an
active state) to acquire SI.
[0031] FIG. 2 illustrates an example 200 of SSB beams
and related SSBs, in accordance with some embodi-
ments. The SSB beams are illustrated on the left hand
side as being used by a gNB 202 for transmission of
SSBs. The SSBs are sent over the SSB beams and are
illustrated on the right hand side.
[0032] Generally, the gNB 202 can transmit multiple
SSBs in a burst set period, with each SSB potentially in
a different beam. These beams are referred to herein as
SSB beams (e.g., an analog beam dedicated to a specific
SSB). A UE performs beam sweeping to select one or
more SSB beams (e.g., an SSB beam that has the best
SSB measurement among the SSB beams, where these
measurements are performed on the detected SSBs) for
communication with the gNB 202.
[0033] In the illustration of FIG. 2, the gNB 202 per-
forms beam sweeping to transmit the SSB beams at pre-
defined directions in a burst within a regular interval.
These SSB beams are indexed with SSB beam indexes
"i" (shown in FIG. 2 as "i" equal to "0," "1," "2", "3"). An
SSB caries the PSS, the SSS, and the PBCH and is re-
peated in the SSB beams in a burst, and this SSB burst
is repeated periodically. A cell can be covered by up to
four SSB beams for a sub-3 GHz carrier and up to eight
SSB beams for a carrier with a 3 to 7 GHz range.
[0034] As shown in the right hand side of FIG. 2, an
SSB occupies multiple symbols in a slot (FIG. 2 shows
each SSB occupying four symbols in a slot as an illus-
trative example). Further, the SSBs over different SSB
beams can be transmitted back-to-back in clusters. For
example, SSB0 and SSB1 are transmitted in a first slot
"n", and SSB2 and SSB3 are transmitted in a second slot
"n+1" immediately thereafter. The transmissions can be
repeated periodically in other slots, such as SSB0 and
SSB1 are transmitted periodically each time in a same
slot, and, likewise, SSB2 and SSB3 are transmitted pe-

riodically each in a next immediate slot.
[0035] FIG. 3 illustrates an example 300 of paging oc-
casion monitoring and related PDSCH decoding based
on SSB measurements, in accordance with some em-
bodiments. Generally, a UE performs an SSB search and
measurement to detect an SSB sent on an SSB beam,
and performs an SSB measurement to determine a cov-
erage quality (e.g., SINR, RSRP, and/or RSRQ). The
SSB search and measurement can be performed per
SSB beam for multiple purposes.
[0036] For example, while in an idle mode and as the
UE roams within a cell, the UE searches for all the de-
ployed SSB’s so that the strongest SSB beam can be
identified and this SSB beam is used to stay in connection
with the network. Further, the SSB beam search and
measurement can be performed to detect deterioration
of a serving cell. In particular, when the serving cell’s
SSB beams become weak, a neighbor cell search is trig-
gered so that the UE can perform a cell re-selection be-
fore losing connection to the network.
[0037] In addition, the SSB search and measurement
can be performed to enable the reception of information
from the network when the UE is in the idle mode. An
example of this information is paging messages, as illus-
trated in FIG. 3. In particular, during a DRX cycle, the UE
can wake up to monitor paging occasions and receive
paging messages; whereby the UE selects the strongest
SSB beam (illustrated in FIG.. 3 as "SSB x beam") for
the search of a paging occasion transmitted over that
SSB beam and, if one is found, then the decoding of a
paging message is also transmitted over that SSB beam.
[0038] For example, the UE may be operating in an
idle mode where no data is being communicated with the
network. The UE can deactivate (e.g., turn off or enter a
power save mode) some or all of its RF components (e.g.,
transmission components and/or reception components)
during a DRX cycle to reduce its power consumption.
Nonetheless, the UE can wake up to receive SSBs trans-
mitted from the network (e.g. by a gNB). As such, the
DRX cycle can be divided into multiple sub-cycles: a deep
sleep cycle, an active state cycle, and a light sleep cycle.
The deep sleep cycle is associated with the least power
consumption, whereas the active state cycle is associat-
ed with the highest power consumption of the UE during
the DRX cycle. During the deep sleep cycle, the RF com-
ponents are deactivated and the UE does not receive or
transmit to the network. During the active state cycle, the
UE is woken up (e.g., its RF components are activated)
to enable reception and/or transmission. The light sleep
cycle can follow the active state cycle, whereby, some
but not all of the RF components are deactivated (e.g.,
in this way, if the UE needs to re-enter the active state
cycle, the switch from the light sleep cycle to the active
state cycle is relatively faster than the equivalent switch
from the deep sleep cycle; for instance, RF tuning can
be faster given the smaller subset of RF components that
are deactivated in the light sleep cycle).
[0039] In an example, during the active state cycle, the
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UE is in an active state that enables it to receive SSBs
during a time window. The time window during which the
UE wakes up (e.g., equivalently, needs to be in the active
state) can be pre-configured. For instance, this time win-
dow can be an SSB measurement timing configuration
(SMTC) window.
[0040] The UE can receive and perform SSB meas-
urement on the SSBs to select an SSB beam (e.g., the
SSB x beam with the best SSB measurement). Having
selected this beam, the UE can monitor a paging occa-
sion transmitted from the network (e.g., by the gNB) to
the UE over the selected SSB beam. Generally, the pag-
ing occasion can be a PDCCH monitoring occasion,
whereby the UE can perform blind decoding in a search
space of the PDCCH on the selected SSB beam to de-
termine the paging occasion. This paging occasion can
include DCI that schedules a paging message on a PD-
SCH of the selected SSB beam. Also generally, resourc-
es of the PDSCH (e.g., the scheduled resource elements)
can carry (e.g., encode) the information of the paging
message. If the paging message is scheduled (e.g., as
indicated by the DCI), then the UE can decode the paging
message from the resources of the PDSCH.
[0041] FIG. 4 illustrates an example 400 of an SSB
beam selection for paging occasion monitoring and re-
lated PDSCH decoding, in accordance with some em-
bodiments. Generally, when a currently selected SSB
beam is strong enough, searching and/or measuring oth-
er SSB beams can incur unnecessary power consump-
tion due to extended UE ON time (e.g., being in an active
state of a DRX cycle). Measuring only a single selected
SSB beam significantly reduces the time UE needs to
stay ON, and therefore can achieve power savings.
[0042] For example, and as illustrated in FIG. 4, by slot
"n+1," the UE may have received and measured SSB 0,
SSB 1, SSB 2, and SSB 3, and determined that the meas-
urement on SSB 2 is the best among the SSB measure-
ments, and, thus, it can select SSB beam having index
"2." Conventionally, the UE may continue the SSB search
and measurement during the SMTC window, whereby
the SSBs in slots "n+2" and "n+3" may be searched and
measured too, which corresponds to the UE being in the
active state during, at least, portions of these two addi-
tional slots. However, embodiments of the present dis-
closure can avoid this additional SSB search and meas-
urement for at least the remainder of the SMTC window
and/or during a next SMTC window. For example, during
the remainder of the SMTC window, the UE can be in a
sleep state (deep sleep or light sleep during slots "n+2"
and "n+3"). That is possible because, per the measure-
ments over slots "n" and "n+1," the UE may select SSB
beam "2" for having the best SSB measurement. The UE
can then use this selected beam for paging monitoring
and PDSCH decoding. Alternatively, during the SMTC
window, the UE may wake up only during a portion slot
"n+3" to measure again SSB 2 on the selected SSB beam
"2." Additionally or alternatively, during the next SMTC
window, the UE may wake up only at the associated

time(s) to measure SSB(s) 2 received on the selected
SSB beam "2."
[0043] FIG. 5 illustrates an example 500 of scheduling
SSB measurements, in accordance with some embodi-
ments. As illustrated, a UE 502 may be in a direct cov-
erage area of SSB beam "2" (this beam is described here-
in for illustrative purposes only, and the embodiments
similarly apply to any other beam and/or type of cover-
age). For that reason, the SSB measurement associated
with SSB beam "2" may be the best beam among the
SSB measurements.
[0044] The UE 502 can select SSB beam "2" and can
compare the corresponding SSB measurement to a
measurement threshold. Assuming that the comparison
indicates that SSB beam "2" has a sufficient or accept-
able SSB measurement (e.g., the SSB measurement ex-
ceeds the measurement threshold), the UE 502 can se-
lect SSB beam "2" for paging monitoring and PDSCH
decoding. As such, during at least a remainder of an
SMTC window and/or during a subsequent SMTC win-
dow, the UE 502 need not schedule search and meas-
urement on the remaining SSBs (as indicated with the
"X" mark). The UE 502 may optionally, but not necessar-
ily, schedule and measure any additional SSB received
on the selected SSB beam "2" during the remainder of
the SMTC window. For a next SMTC window, the UE
502 can schedule and measure one or more SSBs re-
ceived over the selected SSB beam "2" during this win-
dow for a next comparison to the measurement thresh-
old.
[0045] FIG. 6 illustrates another example 600 of sched-
uling SSB measurements, in accordance with some em-
bodiments. As illustrated, a UE 602 may be in an indirect
coverage area between SSB beams (e.g., SSB beam "1"
and SSB beam "2" are beam is described herein for il-
lustrative purposes only, and the embodiments similarly
apply to any other beam and/or type of coverage). Fur-
ther, the UE 602 may be located at the edge of the cell
that the SSB beams form. This indirect coverage and/or
edge location can result in the SSB measurements being
weak (e.g., the best SSB measurement among the SSB
beams may be smaller than a measurement threshold).
[0046] Like in FIG. 5, the UE 602 can select SSB beam
"2" for having the best SSB measurement. However here,
the UE 602 can compare this SSB measurement to the
measurement threshold, where the comparison indicates
that SSB beam "2" does not have a sufficient or accept-
able SSB measurement (e.g., the SSB measurement is
smaller the measurement threshold). Accordingly, during
at least a remainder of an SMTC window and/or during
a subsequent SMTC window, the 602 can schedule an
SSB search and measurement per SSB beam, such that
all SSB beams are measured.
[0047] In FIGS. 5 and 6, the illustrated SSB beams
form a serving cell. Although not illustrated in FIGS. 5
and 6, a neighbor cell (or multiples of such cells) may
also exist. As the serving cell SSB beam’s become weak-
er, a cell search can be triggered, whereby the UE may
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select the neighbor cell to become the serving cell. In
certain situations, the neighbor cell may be an intra-fre-
quency neighbor cell, that is a cell that transmits over the
same carrier frequency as the serving cell (e.g., the
beams of the neighbor cell and the beams of the serving
cell use the same component carrier or a same frequency
band). If an intra-frequency neighbor cell is to be meas-
ured (e.g., in support of a cell reselection), the UE can
perform an SSB search and measurement per beam of
the serving cell, and per beam of the intra-frequency
neighbor cell.
[0048] FIG. 7 illustrates an example of an operational
flow/algorithmic structure 700 for scheduling SSB meas-
urements, in accordance with some embodiments. A UE
(for example, the UE 104 or UE 1200), or components
of the UE, such as processor 1204, can implement op-
erational flow/algorithmic structure 700, whereby it may
be sufficient for the UE to schedule measurements on
only a selected beam based on at least SSB measure-
ment thresholding.
[0049] The operation flow/algorithmic structure 700
may include, at 702, determining whether an intra-fre-
quency neighbor cell is to be measured during a DRX
cycle. In some embodiments, this determination can be
based on a trigger. Different triggers are possible, such
the UE performing a cell search, or a cell re-selection
procedure and/or a reception of a DCI requesting the
measurement. If at least one intra-frequency neighbor
cell is to be measured, operation 710 can follow operation
702. Otherwise, operation 720 can be performed next.
[0050] The operation flow/algorithmic structure 700
may also include, at 710, scheduling search and meas-
urement on all serving and intra-frequency neighbor cells
with SSBs within a measurement window. In some em-
bodiments, the measurement window is an SMTC win-
dow, whereby SSBs can be transmitted on different
beams within each cell according to one or more SSB
periodicities. The UE can be preconfigured via, for ex-
ample, RRC signaling with parameters for searching and
measuring SSBs transmitted on the beams. The UE can,
accordingly, schedule an SSB search and measurement
per beam.
[0051] The operation flow/algorithmic structure 700
may also include, at 720, determining whether a currently
selected SSB has an RSRP, RSRQ, and/or SINR that
exceeds one or more measurement thresholds. In some
embodiments, the SSB is received on a particular SSB
beam. This SSB beam may have been previously select-
ed for having the best SSB measurement(s) among the
SSB beams of the serving cell (e.g., the SSB measure-
ment(s) may correspond to a previous SMTC window).
If this SSB measurement(s) exceeds the measurement
threshold(s), then operation 730 can follow operation
720. Otherwise, operation 740 can be performed next.
In other embodiments, during a current SMTC window,
SSBs are periodically received. At the end of each time
period, the derived SSB measurements are compared
to select the SSB having the best SSB measurement(s).

This SSB measurement(s) is compared to the measure-
ment threshold(s). Here also, depending on the compar-
ison, either operation 730 or 740 can follow operation
720.
[0052] The operation flow/algorithmic structure 700
may also include, at 730, scheduling measurement on
only the currently selected SSB. In this embodiment that
involves the previous SMTC window and the particular
SSB beam that was selected, the UE schedules one or
more SSB measurements during the current SMTC win-
dow, where the measurement(s) are on SSB(s) received
on the particular SSB beam. In an embodiment that in-
volves the current SMTC window and the selection of an
SSB of a particular SSB beam at the end of a time period
within the current SMTC window, the UE schedules one
or more SSB measurements during the remainder por-
tion of current SMTC window, where the measurement(s)
are on SSB(s) received on the particular SSB beam.
[0053] The operation flow/algorithmic structure 700
may also include, at 740, scheduling search and meas-
urement on all serving SSBs. In some embodiments, dur-
ing the current SMTC window, SSBs are received on all
the SSB beams of the serving cell. Here, the UE performs
an SSB search and measurement per SSB beam.
[0054] The operation flow/algorithmic structure 700
may also include, at 742, choosing the best beam as the
new selected beam. In some embodiments, RSRP,
RSRQ, and/or SINR are determined per SSB beam, and
these SSB measurements are compared across the SSB
beams to select the SSB beam with the best SSB meas-
urement(s). This selected SSB beam can be used when
the operational flow/algorithmic structure 700 is repeat-
ed.
[0055] Although the operation flow/algorithmic struc-
ture 700 is illustrated as stopping after each of operations
710, 730 and 742, the UE can continue performing other
operations related to the SSB search and measurement,
such as performing the actual measurements, selecting
a cell, and the like. The operation flow/algorithmic struc-
ture 700 can also be repeated during a next SMTC win-
dow and/or a next DRX cycle.
[0056] FIG. 8 illustrates another example of an opera-
tional flow/algorithmic structure 800 for scheduling SSB
measurements, in accordance with some embodiments.
The operational flow/algorithmic structure 800 can be im-
plemented by a UE, and represents a variation to the
operational flow/algorithmic structure 700, whereby the
SSB measurement of the selected SSB beam is thresh-
olded prior to determining whether an intra-frequency
neighbor cell is to be measured. Some of the operations
of the operational flow/algorithmic structure 800 are sim-
ilar to those of the operational flow/algorithmic structure
700. Similarities are not repeated herein in the interest
of brevity, but equivalently apply herein.
[0057] The operation flow/algorithmic structure 800
may include, at 802, determining whether a currently se-
lected SSB has an RSRP, RSRQ, and/or SINR that ex-
ceeds one or more measurement thresholds. In some
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embodiments, operation 802 is similar to operation 720.
[0058] The operation flow/algorithmic structure 800
may also include, at 810, scheduling measurement on
only the currently selected SSB. In some embodiments,
operation 810 is similar to operation 730.
[0059] The operation flow/algorithmic structure 800
may also include, at 820, determining whether an intra-
frequency neighbor cell is to be measured during a DRX
cycle. In some embodiments, operation 820 is similar to
operation 702.
[0060] The operation flow/algorithmic structure 800
may also include, at 830, scheduling search and meas-
urement on all serving and intra-frequency neighbor cells
with SSBs within a measurement window. In some em-
bodiments, operation 830 is similar to operation 710.
[0061] The operation flow/algorithmic structure 800
may also include, at 832, choosing the best beam as the
new selected beam. In some embodiments, RSRP,
RSRQ, and/or SINR are determined per SSB beam
across the serving cell and the intra-frequency neighbor
cell(s), and these SSB measurements are compared to
select the SSB beam with the best SSB measurement(s).
This selected SSB beam can be used when the opera-
tional flow/algorithmic structure 800 is repeated.
[0062] The operation flow/algorithmic structure 800
may also include, at 840, scheduling search and meas-
urement on all serving SSBs. In some embodiments, op-
eration 840 is similar to operation 740.
[0063] The operation flow/algorithmic structure 800
may also include, at 842 choosing the best beam as the
new selected beam. In some embodiments, operation
842 is similar to operation 742.
[0064] Here, although the operation flow/algorithmic
structure 800 is illustrated as stopping after each of op-
erations 810, 832 and 842, the UE can continue perform-
ing other operations related to the SSB search and meas-
urement, such as performing the actual measurements,
selecting a cell, and the like. The operation flow/algorith-
mic structure 800 can also be repeated during a next
SMTC window and/or a next DRX cycle.
[0065] FIG. 9 illustrates yet another example of an op-
erational flow/algorithmic structure 900 for scheduling
SSB measurements, in accordance with some embodi-
ments. The operational flow/algorithmic structure 900
can be implemented by a UE, and represents a variation
to the operational flow/algorithmic structure 800, where-
by the SSB measurement of the selected SSB beam is
compared to multiple measurement thresholds prior to
determining whether an intra-frequency neighbor cell is
to be measured. Some of the operations of the opera-
tional flow/algorithmic structure 900 are similar to those
of the operational flow/algorithmic structure 800. Similar-
ities are not repeated herein in the interest of brevity, but
equivalently apply herein.
[0066] The operation flow/algorithmic structure 900
may include, at 902, determining whether a currently se-
lected SSB has an RSRP, RSRQ, and/or SINR that ex-
ceeds one or more first measurement thresholds. In

some embodiments, operation 902 is similar to operation
802.
[0067] The operation flow/algorithmic structure 900
may also include, at 910, scheduling measurement on
only the currently selected SSB. In some embodiments,
operation 910 is similar to operation 830.
[0068] The operation flow/algorithmic structure 900
may also include, at 920, determining whether a currently
selected SSB has an RSRP, RSRQ, and/or SINR that
exceeds one or more second measurement thresholds.
In some embodiments, operation 920 is similar to oper-
ation 902, except that the each one of the one or more
second measurement thresholds is typically smaller than
a corresponding one of the one or more first measure-
ment thresholds. In such embodiments, even though the
SSB measurement(s) of the best SSB beam may not be
strong enough (e.g., per the outcome of operation 902)
to justify the scheduling of an SSB measurement on that
SSB beam only, the SSB measurement(s) may still be
strong enough (e.g., per the outcome of operation 920)
to avoid the need for scheduling an SSB search and
measurement on an intra-frequency neighbor cell. If the
RSRP, RSRQ, and/or SINR exceeds the one or more
second measurement thresholds, operation 930 can fol-
low operation 920, whereby no SSB search and meas-
urement needs to be scheduled on an intra-frequency
neighbor cell. Otherwise, operation 940 can be per-
formed to determine whether an SSB search and meas-
urement is needed on an intra-frequency neighbor cell.
[0069] The operation flow/algorithmic structure 900
may also include, at 930, scheduling search and meas-
urement on all serving SSBs. In some embodiments, op-
eration 930 is similar to operation 840.
[0070] The operation flow/algorithmic structure 900
may also include, at 932 choosing the best beam as the
new selected beam. In some embodiments, operation
932 is similar to operation 842.
[0071] The operation flow/algorithmic structure 900
may also include, at 940, determining whether an intra-
frequency neighbor cell is to be measured during a DRX
cycle. In some embodiments, operation 940 is similar to
operation 820. If so, then operation 950 can follow oper-
ation 940. Otherwise, operation 930 can be performed.
[0072] The operation flow/algorithmic structure 900
may also include, at 950, scheduling search and meas-
urement on all serving and intra-frequency neighbor cells
with SSBs within a measurement window. In some em-
bodiments, operation 950 is similar to operation 830.
[0073] The operation flow/algorithmic structure 900
may also include, at 952, choosing the best beam as the
new selected beam. In some embodiments, operation
952 is similar to operation 832.
[0074] Here, although the operation flow/algorithmic
structure 900 is illustrated as stopping after each of op-
erations 910, 932 and 952, the UE can continue perform-
ing other operations related to the SSB search and meas-
urement, such as performing the actual measurements,
selecting a cell, and the like. The operation flow/algorith-
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mic structure 900 can also be repeated during a next
SMTC window and/or a next DRX cycle.
[0075] FIG. 10 illustrates an overall example of an op-
erational flow/algorithmic structure 1000 for scheduling
SSB measurements, in accordance with some embodi-
ments. The operational flow/algorithmic structure 1000
can be implemented by a UE, and represents an overall
operational flow/algorithmic structure that captures the
variations of FIGS. 7-9. In other words, the UE imple-
menting the operational flow/algorithmic structure 1000
can implement any, or a combination of, operation(s) of
the operational flow/algorithmic structures 700-900.
[0076] The operation flow/algorithmic structure 1000
may include, at 1002, receiving, during a discontinuous
reception (DRX) cycle, a first plurality of SSBs that re-
spectively correspond to a plurality of beams of a base
station. In some embodiments, the SSBs are received
during an SMTC window, and the beams are SSB beams
of a serving cell. In certain situations, SSBs can also be
received on SSB beams of an intra-frequency neighbor
cell.
[0077] The operation flow/algorithmic structure 1000
may also include, at 1004, selecting a first beam of the
plurality of beams based on a first measurement that cor-
responds to a first SSB of the first plurality of SSBs, the
first SSB received on the first beam. In some embodi-
ments, the SSBs are measured to determine SSB meas-
urements, such as RSRP, RSRQ, and/or SINR per SSB
beam. The first beam may be an SSB beam having the
best SSB measurement (e.g., the largest RSRP, the larg-
est RSRQ, and/or the largest SINR).
[0078] The operation flow/algorithmic structure 1000
may also include, at 1006, comparing the first measure-
ment to a measurement threshold. In some embodi-
ments, the measurement threshold is predefined, and
can be a first measurement threshold to determine if it is
sufficient to perform an SSB measurement on the select-
ed first beam. A second measurement threshold can be
defined and used in a second comparison to determine
whether it is sufficient to perform an SSB search and
measurement on the SSB beams of the serving cell only,
per FIG. 9.
[0079] The operation flow/algorithmic structure 1000
may also include, at 1008, scheduling, based on said
comparing, either (i) a second measurement that corre-
sponds to a second SSB to be received on the first beam,
or (ii) an SSB search and measurement per beam of the
plurality of beams. In some embodiments, if the SSB
measurement exceeds the first threshold, then only the
second measurement is scheduled. Otherwise, the SSB
search and measurement per beam is scheduled. Here,
the second comparison to the second measurement can
be also used to determine whether an SSB search and
measurement per SSB beam of an intra-frequency neigh-
bor cell is needed.
[0080] FIG. 11 illustrates receive components 1100 of
the UE 104, in accordance with some embodiments. The
receive components 1100 may include an antenna panel

1104 that includes a number of antenna elements. The
panel 1104 is shown with four antenna elements, but
other embodiments may include other numbers.
[0081] The antenna panel 1104 may be coupled to an-
alog beamforming (BF) components that include a
number of phase shifters 1108(1)-1008(4). The phase
shifters 1108(1)-1008(4) may be coupled with a radio-
frequency (RF) chain 1112. The RF chain 1112 may am-
plify a receive analog RF signal, down convert the RF
signal to baseband, and convert the analog baseband
signal to a digital baseband signal that may be provided
to a baseband processor for further processing.
[0082] In various embodiments, control circuitry, which
may reside in a baseband processor, may provide BF
weights (for example W1-W4), which may represent
phase shift values to the phase shifters 1108(1)-1008(4)
to provide a receive beam at the antenna panel 1104.
These BF weights may be determined based on the chan-
nel-based beamforming.
[0083] FIG. 12 illustrates a UE 1200, in accordance
with some embodiments. The UE 1200 may be similar
to, and substantially interchangeable with, UE 104 of FIG.
1.
[0084] Similar to that described above with respect to
UE 104, the UE 1200 may be any mobile or non-mobile
computing device, such as mobile phones, computers,
tablets, industrial wireless sensors ( e.g., microphones,
carbon dioxide sensors, pressure sensors, humidity sen-
sors, thermometers, motion sensors, accelerometers, la-
ser scanners, fluid level sensors, inventory sensors, elec-
tric voltage/current meters, and actuators), video surveil-
lance/monitoring devices ( e.g., cameras and video cam-
eras), wearable devices, or relaxed-IoT devices. In some
embodiments, the UE may be a reduced capacity UE or
NR-Light UE.
[0085] The UE 1200 may include processors 1204, RF
interface circuitry 1208, memory/storage 1212, user in-
terface 1216, sensors 1220, driver circuitry 1222, power
management integrated circuit (PMIC) 1224, and battery
1228. The components of the UE 1200 may be imple-
mented as integrated circuits (ICs), portions thereof, dis-
crete electronic devices, or other modules, such as logic,
hardware, software, firmware, or a combination thereof.
The block diagram of FIG. 12 is intended to show a high-
level view of some of the components of the UE 1200.
However, some of the components shown may be omit-
ted, additional components may be present, and different
arrangements of the components shown may occur in
other implementations.
[0086] The components of the UE 1200 may be cou-
pled with various other components over one or more
interconnects 1232 which may represent any type of in-
terface, input/output, bus (local, system, or expansion),
transmission line, trace, optical connection, etc. that al-
lows various circuit components (on common or different
chips or chipsets) to interact with one another.
[0087] The processors 1204 may include processor
circuitry, such as baseband processor circuitry (BB)
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1204A, central processor unit circuitry (CPU) 1204B, and
graphics processor unit circuitry (GPU) 1204C. The proc-
essors 1204 may include any type of circuitry or proces-
sor circuitry that executes, or otherwise operates, com-
puter-executable instructions, such as program code,
software modules, or functional processes from memo-
ry/storage 1212 to cause the UE 1200 to perform oper-
ations as described herein.
[0088] In some embodiments, the baseband processor
circuitry 1204A may access a communication protocol
stack 1236 in the memory/storage 1212 to communicate
over a 3GPP compatible network. In general, the base-
band processor circuitry 1204A may access the commu-
nication protocol stack to: perform user plane functions
at a PHY layer, MAC layer, RLC layer, PDCP layer, SDAP
layer, and PDU layer; and perform control plane functions
at a PHY layer, MAC layer, RLC layer, PDCP layer, RRC
layer, and a non-access stratum "NAS" layer. In some
embodiments, the PHY layer operations may additional-
ly/alternatively be performed by the components of the
RF interface circuitry 1208.
[0089] The baseband processor circuitry 1204A may
generate or process baseband signals or waveforms that
carry information in 3GPP-compatible networks. In some
embodiments, the waveforms for NR may be based on
cyclic prefix OFDM (CP-OFDM) in the uplink or downlink,
and discrete Fourier transform spread OFDM (DFT-S-
OFDM) in the uplink.
[0090] The baseband processor circuitry 1204A may
also access group information 1224 from memory/stor-
age 1212 to determine search space groups in which a
number of repetitions of a PDCCH may be transmitted.
[0091] The memory/storage 1212 may include any
type of volatile or non-volatile memory that may be dis-
tributed throughout the UE 1200. In some embodiments,
some of the memory/storage 1212 may be located on
the processors 1204 themselves (for example, L1 and
L2 cache), while other memory/storage 1212 is external
to the processors 1204, but accessible thereto via a mem-
ory interface. The memory/storage 1212 may include any
suitable volatile or non-volatile memory, such as, but not
limited to, dynamic random-access memory (DRAM),
static random-access memory (SRAM), erasable pro-
grammable read-only memory (EPROM), electrically
erasable programmable read-only memory (EEPROM),
Flash memory, solid-state memory, or any other type of
memory device technology.
[0092] The RF interface circuitry 1208 may include
transceiver circuitry and a radio frequency front module
(RFEM) that allows the UE 1200 to communicate with
other devices over a radio access network. The RF in-
terface circuitry 1208 may include various elements ar-
ranged in transmit or receive paths. These elements may
include switches, mixers, amplifiers, filters, synthesizer
circuitry, control circuitry, etc.
[0093] In the receive path, the RFEM may receive a
radiated signal from an air interface via an antenna 1224
and proceed to filter and amplify (with a low-noise am-

plifier) the signal. The signal may be provided to a re-
ceiver of the transceiver that down-converts the RF signal
into a baseband signal that is provided to the baseband
processor of the processors 1204.
[0094] In the transmit path, the transmitter of the trans-
ceiver up-converts the baseband signal received from
the baseband processor and provides the RF signal to
the RFEM. The RFEM may amplify the RF signal through
a power amplifier prior to the signal being radiated across
the air interface via the antenna 1224.
[0095] In various embodiments, the RF interface cir-
cuitry 1208 may be configured to transmit/receive signals
in a manner compatible with NR access technologies.
[0096] The antenna 1224 may include a number of an-
tenna elements that each convert electrical signals into
radio waves to travel through the air, and to convert re-
ceived radio waves into electrical signals. The antenna
elements may be arranged into one or more antenna
panels. The antenna 1224 may have antenna panels that
are omnidirectional, directional, or a combination thereof
to enable beamforming and multiple input, multiple output
communications. The antenna 1224 may include micro-
strip antennas, printed antennas that are fabricated on
the surface of one or more printed circuit boards, patch
antennas, phased array antennas, etc. The antenna
1224 may have one or more panels designed for specific
frequency bands including bands in FR1 or FR2.
[0097] The user interface circuitry 1216 includes vari-
ous input/output (I/O) devices designed to enable user
interaction with the UE 1200. The user interface 1216
includes input device circuitry and output device circuitry.
Input device circuitry includes any physical or virtual
means for accepting an input including, inter alia, one or
more physical or virtual buttons (for example, a reset but-
ton), a physical keyboard, keypad, mouse, touchpad,
touchscreen, microphones, scanner, headset, or the like.
The output device circuitry includes any physical or virtual
means for showing information or otherwise conveying
information, such as sensor readings, actuator posi-
tion(s), or other like information. Output device circuitry
may include any number or combinations of audio or vis-
ual display, including, inter alia, one or more simple visual
outputs/indicators (e.g., binary status indicators, such as
light emitting diodes (LEDs)) and multi-character visual
outputs, or more complex outputs, such as display de-
vices or touchscreens (e.g., liquid crystal displays
(LCDs), LED displays, quantum dot displays, projectors),
with the output of characters, graphics, multimedia ob-
jects, and the like being generated or produced from the
operation of the UE 1200.
[0098] The sensors 1220 may include devices, mod-
ules, or subsystems whose purpose is to detect events
or changes in its environment and send the information
(sensor data) about the detected events to some other
device, module, subsystem, etc. Examples of such sen-
sors include, inter alia, inertia measurement units com-
prising accelerometers; gyroscopes; or magnetometers;
microelectromechanical systems or nanoelectrome-
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chanical systems comprising 3-axis accelerometers; 3-
axis gyroscopes; or magnetometers; level sensors; flow
sensors; temperature sensors (for example, thermis-
tors); pressure sensors; barometric pressure sensors;
gravimeters; altimeters; image capture devices (for ex-
ample, cameras or lens-less apertures); light detection
and ranging sensors; proximity sensors (for example, in-
frared radiation detector and the like); depth sensors; am-
bient light sensors; ultrasonic transceivers; microphones
or other like audio capture devices; etc.
[0099] The driver circuitry 1222 may include software
and hardware elements that operate to control particular
devices that are embedded in the UE 1200, attached to
the UE 1200, or otherwise communicatively coupled with
the UE 1200. The driver circuitry 1222 may include indi-
vidual drivers allowing other components to interact with
or control various input/output (I/O) devices that may be
present within or connected to the UE 1200. For example,
driver circuitry 1222 may include a display driver to con-
trol and allow access to a display device, a touchscreen
driver to control and allow access to a touchscreen inter-
face, sensor drivers to obtain sensor readings of sensor
circuitry 1220 and control and allow access to sensor
circuitry 1220, drivers to obtain actuator positions of elec-
tro-mechanic components or control and allow access to
the electro-mechanic components, a camera driver to
control and allow access to an embedded image capture
device, or audio drivers to control and allow access to
one or more audio devices.
[0100] The PMIC 1224 may manage power provided
to various components of the UE 1200. In particular, with
respect to the processors 1204, the PMIC 1224 may con-
trol power-source selection, voltage scaling, battery
charging, or DC-to-DC conversion.
[0101] In some embodiments, the PMIC 1224 may
control, or otherwise be part of, various power saving
mechanisms of the UE 1200. For example, if the platform
UE is in an RRC_Connected state, where it is still con-
nected to the RAN node as it expects to receive traffic
shortly, then it may enter a state known as Discontinuous
Reception Mode (DRX) after a period of inactivity. During
this state, the UE 1200 may power down for brief intervals
of time, and thus, save power. If there is no data traffic
activity for an extended period of time, then the UE 1200
may transition off to an RRC_Idle state, where it discon-
nects from the network and does not perform operations,
such as channel quality feedback or handover. The UE
1200 goes into a very low power state, and it performs
paging where, again, it periodically wakes up to listen to
the network and then powers down again. The UE 1200
may not receive data in this state; in order to receive data,
it must transition back to RRC Connected state. An ad-
ditional power saving mode may allow a device to be
unavailable to the network for periods longer than a pag-
ing interval (ranging from seconds to a few hours). During
this time, the device is totally unreachable to the network
and may power down completely. Any data sent during
this time incurs a large delay, and it is assumed the delay

is acceptable.
[0102] A battery 1228 may power the UE 1200, al-
though in some examples the UE 1200 may be mounted
or deployed in a fixed location, and may have a power
supply coupled to an electrical grid. The battery 1228
may be a lithium-ion battery or a metal-air battery, such
as a zinc-air battery, an aluminum-air battery, a lithium-
air battery, and the like. In some implementations, such
as in vehicle-based applications, the battery 1228 may
be a typical lead-acid automotive battery.
[0103] FIG. 13 illustrates a gNB 1300, in accordance
with some embodiments. The gNB node 1300 may be
similar to, and substantially interchangeable with, gNB
108.
[0104] The gNB 1300 may include processors 1304,
RF interface circuitry 1308, core network (CN) interface
circuitry 1312, and memory/storage circuitry 1316.
[0105] The components of the gNB 1300 may be cou-
pled with various other components over one or more
interconnects 1328.
[0106] The processors 1304, RF interface circuitry
1308, memory/storage circuitry 1316 (including commu-
nication protocol stack 1310), antenna 1324, and inter-
connects 1328 may be similar to like-named elements
shown and described with respect to FIGS. 11 and 12.
[0107] The CN interface circuitry 1312 may provide
connectivity to a core network, for example, a 5th Gen-
eration Core network (5GC) using a 5GC-compatible net-
work interface protocol, such as carrier Ethernet proto-
cols, or some other suitable protocol. Network connec-
tivity may be provided to/from the gNB 1300 via a fiber
optic or wireless backhaul. The CN interface circuitry
1312 may include one or more dedicated processors or
FPGAs to communicate using one or more of the afore-
mentioned protocols. In some implementations, the CN
interface circuitry 1312 may include multiple controllers
to provide connectivity to other networks using the same
or different protocols.
[0108] It is well understood that the use of personally-
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or
exceeding industry or governmental requirements for
maintaining the privacy of users. In particular, personally
identifiable information data should be managed and
handled so as to minimize risks of unintentional or unau-
thorized access or use, and the nature of authorized use
should be clearly indicated to users.
[0109] For one or more embodiments, at least one of
the components set forth in one or more of the preceding
figures may be configured to perform one or more oper-
ations, techniques, processes, or methods as set forth
in the example section below. For example, the base-
band circuitry, as described above in connection with one
or more of the preceding figures, may be configured to
operate, in accordance with one or more of the examples
set forth below. In another example, circuitry associated
with a UE, base station, network element, etc., as de-
scribed above in connection with one or more of the pre-
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ceding figures, may be configured to operate in accord-
ance with one or more of the examples set forth below
in the example section.

Examples

[0110] In the following sections, further exemplary em-
bodiments are provided.
[0111] Example 1 includes a method implemented by
a user equipment (UE), the method comprising: receiv-
ing, during a discontinuous reception (DRX) cycle, a first
plurality of synchronization signal blocks (SSBs) that re-
spectively correspond to a plurality of beams of a base
station; selecting a first beam of the plurality of beams
based on a first measurement that corresponds to a first
SSB of the first plurality of SSBs, the first SSB received
on the first beam; comparing the first measurement to a
measurement threshold; and scheduling, based on said
comparing, either (i) a second measurement that corre-
sponds to a second SSB to be received on the first beam,
or (ii) an SSB search and measurement per beam of the
plurality of beams.
[0112] Example 2 includes the method of example 1,
wherein, upon said comparing indicating that the first
measurement exceeds the measurement threshold, the
second measurement is scheduled and, otherwise, the
SSB search and measurement per beam is scheduled.
[0113] Example 3 includes the method of example 2,
the first measurement comprises at least one of: a signal-
to-interference and noise ratio (SINR) measurement, a
reference signal received power (RSRP) measurement,
or a reference signal received quality (RSRQ).
[0114] Example 4 includes the method of any preced-
ing example, further comprising: upon scheduling the
SSB search and measurement, selecting one of the plu-
rality of beams for a measurement comparison to the
measurement threshold, wherein the one of the plurality
of beams is selected based on measurements that re-
spectively correspond to a second plurality of SSBs re-
ceived on the plurality of beams.
[0115] Example 5 includes the method of example 4,
wherein the one of the plurality of beams is a second
beam and selected based on a determination that the
second beam has the largest signal-to-interference and
noise ratio (SINR) measurement, reference signal re-
ceived power (RSRP) measurement, or reference signal
received quality (RSRQ) among the plurality of beams.
[0116] Example 6 includes the method of any preced-
ing example, further comprising: determining whether,
during the DRX cycle, an intra-frequency neighbor cell
search and measurement is to be performed, wherein
said comparing and said scheduling are based on a de-
termination that the intra-frequency neighbor cell search
and measurement is not to be performed during the DRX
cycle.
[0117] Example 7 includes the method of any preced-
ing example, wherein the SSB search and measurement
is a first SSB search and measurement in a first cell, and

wherein the method further comprises: upon said com-
paring indicating that the first measurement is smaller
than the measurement threshold, determining that, dur-
ing the DRX cycle, an intra-frequency neighbor cell
search and measurement is to be performed; and sched-
uling, along with the first SSB search and measurement,
a second SSB search and measurement per beam in an
intra-frequency neighbor cell.
[0118] Example 8 includes the method of example 7,
further comprising: selecting, based on SSB measure-
ments, one of the plurality of beams or a second beam
associated with the intra-frequency neighbor cell for a
next measurement comparison to the measurement
threshold.
[0119] Example 9 includes the method of any preced-
ing example, wherein the comparing of the first meas-
urement to a measurement threshold is based on a de-
termination that an intra-frequency neighbor cell search
and measurement is not to be performed .
[0120] Example 10 includes the method of any preced-
ing example, wherein the measurement threshold is a
first measurement threshold, wherein the SSB search
and measurement is a first SSB search and measure-
ment in a first cell, and wherein the method further com-
prises: upon said comparing indicating that the first
measurement is smaller than the first measurement
threshold, determining whether the first measurement is
smaller than a second threshold measurement.
[0121] Example 11 includes the method of example
10, further comprising: upon determining that the first
measurement exceeds the second threshold measure-
ment, scheduling the first SSB search and measurement.
[0122] Example 12 includes the method of example
10, further comprising: upon determining that the first
measurement is smaller than the second threshold
measurement, determining whether, during the DRX cy-
cle, an intra-frequency neighbor cell search and meas-
urement is to be performed.
[0123] Example 13 includes the method of example
12, further comprising: upon determining that, during the
DRX cycle, the intra-frequency neighbor cell search and
measurement is to be performed, scheduling, along with
the first SSB search and measurement, a second SSB
search and measurement per beam in an intra-frequency
neighbor cell.
[0124] Example 14 includes a UE comprising means
to perform one or more elements of a method described
in or related to any of the examples 1-13.
[0125] Example 15 includes one or more non-transito-
ry computer-readable media comprising instructions to
cause a UE, upon execution of the instructions by one
or more processors of the UE, to perform one or more
elements of a method described in or related to any of
the examples 1-13.
[0126] Example 16 includes a UE comprising logic,
modules, or circuitry to perform one or more elements of
a method described in or related to any of the examples
1-13.
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[0127] Example 17 includes a UE comprising: one or
more processors and one or more computer-readable
media comprising instructions that, when executed by
the one or more processors, cause the one or more proc-
essors to perform one or more elements of a method
described in or related to any of the examples 1-13.
[0128] Example 18 includes a system comprising
means to perform one or more elements of a method
described in or related to any of the examples 1-13.
[0129] Any of the above-described examples may be
combined with any other example (or combination of ex-
amples), unless explicitly stated otherwise. The forego-
ing description of one or more implementations provides
illustration and description, but is not intended to be ex-
haustive or to limit the scope of embodiments to the pre-
cise form disclosed. Modifications and variations are pos-
sible in light of the above teachings or may be acquired
from practice of various embodiments.
[0130] Although the embodiments above have been
described in considerable detail, numerous variations
and modifications will become apparent to those skilled
in the art once the above disclosure is fully appreciated.
It is intended that the following claims be interpreted to
embrace all such variations and modifications.
[0131] Exemplary methods, user equipment (UE), and
computer-readable storage media are set out in the fol-
lowing items.

1. A method implemented by a user equipment (UE),
the method comprising:

receiving, during a discontinuous reception
(DRX) cycle, a first plurality of synchronization
signal blocks (SSBs) that respectively corre-
spond to a plurality of beams of a base station;
selecting a first beam of the plurality of beams
based on a first measurement that corresponds
to a first SSB of the first plurality of SSBs, the
first SSB received on the first beam;
comparing the first measurement to a measure-
ment threshold; and
scheduling, based on said comparing, either a
second measurement that corresponds to a sec-
ond SSB to be received on the first beam or an
SSB search and measurement per beam of the
plurality of beams.

2. The method of item 1, wherein, upon said com-
paring indicating that the first measurement exceeds
the measurement threshold, the second measure-
ment is scheduled and, otherwise, the SSB search
and measurement per beam is scheduled.

3. The method of item 2, wherein the first measure-
ment comprises at least one of: a signal-to-interfer-
ence and noise ratio (SINR) measurement, a refer-
ence signal received power (RSRP) measurement,
or a reference signal received quality (RSRQ).

4. The method of item 1, further comprising:
upon scheduling the SSB search and measurement,
selecting one of the plurality of beams for a meas-
urement comparison to the measurement threshold,
wherein the one of the plurality of beams is selected
based on measurements that respectively corre-
spond to a second plurality of SSBs received on the
plurality of beams.

5. The method of item 1, further comprising:
determining whether, during the DRX cycle, an intra-
frequency neighbor cell search and measurement is
to be performed, wherein said comparing and said
scheduling are based on a determination that the
intra-frequency neighbor cell search and measure-
ment is not to be performed during the DRX cycle.

6. The method of item 1, wherein the SSB search
and measurement is a first SSB search and meas-
urement in a first cell, and wherein the method further
comprises:

upon said comparing indicating that the first
measurement is smaller than the measurement
threshold, determining that, during the DRX cy-
cle, an intra-frequency neighbor cell search and
measurement is to be performed; and
scheduling, along with the first SSB search and
measurement, a second SSB search and meas-
urement per beam in an intra-frequency neigh-
bor cell.

7. The method of item 1, wherein the comparing of
the first measurement to a measurement threshold
is based on a determination that an intra-frequency
neighbor cell search and measurement is not to be
performed.

8. The method of item 1, wherein the measurement
threshold is a first measurement threshold, wherein
the SSB search and measurement is a first SSB
search and measurement in a first cell, and wherein
the method further comprises:
upon said comparing indicating that the first meas-
urement is smaller than the first measurement
threshold, determining whether the first measure-
ment is smaller than a second threshold measure-
ment.

9. The method of item 8, further comprising:
upon determining that the first measurement ex-
ceeds the second threshold measurement, sched-
uling the first SSB search and measurement.

10. The method of item 8, further comprising:
upon determining that the first measurement is
smaller than the second threshold measurement,
determining whether, during the DRX cycle, an intra-
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frequency neighbor cell search and measurement is
to be performed.

11. A user equipment (UE) comprising:

one or more processors; and
one or more memories storing instructions that,
upon execution by the one or more processors,
configure the UE to:

receive, during a discontinuous reception
(DRX) cycle, a first plurality of synchroniza-
tion signal blocks (SSBs) that respectively
correspond to a plurality of beams of a base
station;
select a first beam of the plurality of beams
based on a first measurement that corre-
sponds to a first SSB of the first plurality of
SSBs, the first SSB received on the first
beam;
compare the first measurement to a meas-
urement threshold; and
schedule, based on said comparing, either
a second measurement that corresponds to
a second SSB to be received on the first
beam or an SSB search and measurement
per beam of the plurality of beams.

12. The UE of item 11, wherein, upon said comparing
indicating that the first measurement exceeds the
measurement threshold, the second measurement
is scheduled and, otherwise, the SSB search and
measurement per beam is scheduled.

13. One or more computer-readable storage media
storing instructions that, upon execution on a user
equipment (UE), cause the UE to perform operations
comprising:

receiving, during a discontinuous reception
(DRX) cycle, a first plurality of synchronization
signal blocks (SSBs) that respectively corre-
spond to a plurality of beams of a base station;
selecting a first beam of the plurality of beams
based on a first measurement that corresponds
to a first SSB of the first plurality of SSBs, the
first SSB received on the first beam;
comparing the first measurement to a measure-
ment threshold; and
scheduling, based on said comparing, either a
second measurement that corresponds to a sec-
ond SSB to be received on the first beam or an
SSB search and measurement per beam of the
plurality of beams

14. The one or more computer-readable storage me-
dia of item 13, wherein the operations further com-
prise:

upon scheduling the SSB search and measurement,
selecting one of the plurality of beams for a next
measurement comparison to the measurement
threshold, wherein the one of the plurality of beams
is selected based on measurements that respective-
ly correspond to a second plurality of SSBs received
on the plurality of beams.

15. The one or more computer-readable storage me-
dia of item 13, wherein the operations further com-
prise:
determining whether, during the DRX cycle, an intra-
frequency neighbor cell search and measurement is
to be performed, wherein said comparing and said
scheduling are based on a determination that the
intra-frequency neighbor cell search and measure-
ment is not to be performed during the DRX cycle.

[0132] The foregoing description, for purpose of expla-
nation, has been described with reference to specific em-
bodiments. However, the illustrative discussions above
are not intended to be exhaustive or to limit the invention
to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings.
The embodiments were chosen and described in order
to best explain the principles of the invention and its prac-
tical applications, to thereby enable others skilled in the
art to best utilize the invention and various embodiments
with various modifications as are suited to the particular
use contemplated.

Claims

1. A method implemented by a user equipment (UE),
the method comprising:

receiving, during a discontinuous reception
(DRX) cycle, a first plurality of synchronization
signal blocks (SSBs) that respectively corre-
spond to a plurality of beams of a base station;
selecting a first beam of the plurality of beams
based on a first measurement that corresponds
to a first SSB of the first plurality of SSBs, the
first SSB received on the first beam;
comparing the first measurement to a measure-
ment threshold; and
scheduling, based on said comparing, either a
second measurement that corresponds to a sec-
ond SSB to be received on the first beam or an
SSB search and measurement per beam of the
plurality of beams.

2. The method of claim 1, wherein, upon said compar-
ing indicating that the first measurement exceeds
the measurement threshold, the second measure-
ment is scheduled and, otherwise, the SSB search
and measurement per beam is scheduled.

25 26 



EP 4 156 542 A1

15

5

10

15

20

25

30

35

40

45

50

55

3. The method of claim 2, wherein the first measure-
ment comprises at least one of: a signal-to-interfer-
ence and noise ratio (SINR) measurement, a refer-
ence signal received power (RSRP) measurement,
or a reference signal received quality (RSRQ).

4. The method of any of the preceding claims, further
comprising:
upon scheduling the SSB search and measurement,
selecting one of the plurality of beams for a meas-
urement comparison to the measurement threshold,
wherein the one of the plurality of beams is selected
based on measurements that respectively corre-
spond to a second plurality of SSBs received on the
plurality of beams.

5. The method of any of the preceding claims, further
comprising:
determining whether, during the DRX cycle, an intra-
frequency neighbor cell search and measurement is
to be performed, wherein said comparing and said
scheduling are based on a determination that the
intra-frequency neighbor cell search and measure-
ment is not to be performed during the DRX cycle.

6. The method of any of the preceding claims, wherein
the SSB search and measurement is a first SSB
search and measurement in a first cell, and wherein
the method further comprises:

upon said comparing indicating that the first
measurement is smaller than the measurement
threshold, determining that, during the DRX cy-
cle, an intra-frequency neighbor cell search and
measurement is to be performed; and
scheduling, along with the first SSB search and
measurement, a second SSB search and meas-
urement per beam in an intra-frequency neigh-
bor cell.

7. The method of any of the preceding claims, wherein
the comparing of the first measurement to a meas-
urement threshold is based on a determination that
an intra-frequency neighbor cell search and meas-
urement is not to be performed.

8. The method of any of the preceding claims, wherein
the measurement threshold is a first measurement
threshold, wherein the SSB search and measure-
ment is a first SSB search and measurement in a
first cell, and wherein the method further comprises:
upon said comparing indicating that the first meas-
urement is smaller than the first measurement
threshold, determining whether the first measure-
ment is smaller than a second threshold measure-
ment.

9. The method of claim 8, further comprising:

upon determining that the first measurement ex-
ceeds the second threshold measurement, sched-
uling the first SSB search and measurement.

10. The method of claim 8, further comprising:
upon determining that the first measurement is
smaller than the second threshold measurement,
determining whether, during the DRX cycle, an intra-
frequency neighbor cell search and measurement is
to be performed.

11. A user equipment (UE) comprising:

one or more processors; and
one or more memories storing instructions that,
upon execution by the one or more processors,
configure the UE to:

receive, during a discontinuous reception
(DRX) cycle, a first plurality of synchroniza-
tion signal blocks (SSBs) that respectively
correspond to a plurality of beams of a base
station;
select a first beam of the plurality of beams
based on a first measurement that corre-
sponds to a first SSB of the first plurality of
SSBs, the first SSB received on the first
beam;
compare the first measurement to a meas-
urement threshold; and
schedule, based on said comparing, either
a second measurement that corresponds to
a second SSB to be received on the first
beam or an SSB search and measurement
per beam of the plurality of beams.

12. The UE of claim 11, wherein, upon said comparing
indicating that the first measurement exceeds the
measurement threshold, the second measurement
is scheduled and, otherwise, the SSB search and
measurement per beam is scheduled.

13. One or more computer-readable storage media stor-
ing instructions that, upon execution on a user equip-
ment (UE), cause the UE to perform operations com-
prising:

receiving, during a discontinuous reception
(DRX) cycle, a first plurality of synchronization
signal blocks (SSBs) that respectively corre-
spond to a plurality of beams of a base station;
selecting a first beam of the plurality of beams
based on a first measurement that corresponds
to a first SSB of the first plurality of SSBs, the
first SSB received on the first beam;
comparing the first measurement to a measure-
ment threshold; and
scheduling, based on said comparing, either a
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second measurement that corresponds to a sec-
ond SSB to be received on the first beam or an
SSB search and measurement per beam of the
plurality of beams

14. The one or more computer-readable storage media
of claim 13, wherein the operations further comprise:
upon scheduling the SSB search and measurement,
selecting one of the plurality of beams for a next
measurement comparison to the measurement
threshold, wherein the one of the plurality of beams
is selected based on measurements that respective-
ly correspond to a second plurality of SSBs received
on the plurality of beams.

15. The one or more computer-readable storage media
of claim 13, wherein the operations further comprise:
determining whether, during the DRX cycle, an intra-
frequency neighbor cell search and measurement is
to be performed, wherein said comparing and said
scheduling are based on a determination that the
intra-frequency neighbor cell search and measure-
ment is not to be performed during the DRX cycle.
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